Umatilla Dace (Rhinichthys umatilla, Cyprinidae) are endemic to the Columbia River Basin. In Canada, this species is assessed as "threatened". Little is known about its life history, especially with respect to spawning in the wild. A total of 688 specimens were captured, including 39 mature males and females displaying spawning colouration and tubercles, during minnow trapping and electrofishing surveys conducted on the Slocan River in southern British Columbia, Canada. Fertilized eggs were not observed, but eggs and milt were expressed from ripe individuals. Spawning was estimated to occur from mid-July to mid-September. Aquatic macrophytes and flooded terrestrial vegetation were important habitat features for mature Umatilla Dace leading up to the spawning period on the Slocan River. To our knowledge this is the first time that Umatilla Dace have been captured in spawning condition and observed with spawning colouration and tubercles in the wild in Canada. Results of this study will aid the development of recovery plans and management for this species in British Columbia.
Introduction
Few studies have reported on dace spawning in the wild or under laboratory conditions, and those that exist have focused on widespread species, such as Longnose Dace (Rhinichthys cataractae; e.g., McPhail 2007), Western Blacknose Dace (Rhinichthys obtusus; Gibbons and Gee 1972) , and Speckled Dace (Rhinichthys osculus; e.g., Kaya 1991) .
In Canada, Umatilla Dace (Rhinichthys umatilla) are listed federally under the Species At Risk Act as "special concern" (SARA Registry 2016) although they were reassessed by the Committee on the Status of Endangered Wildlife in Canada in 2010 as "threatened" (COSEWIC 2010) . Reasons for its designation as "threatened" included a limited distribution within a habitat extensively modified by hydroelectric development, climate change, water extraction, and aquatic invasive species. They are endemic to the Columbia River Basin and are thought to have habitat and spawning requirements similar to those of the more common Longnose Dace (Harvey and Brown 2011) . However, in Canada, Umatilla Dace are present only in British Columbia and little is known about their life history, especially with respect to reproductive biology (Peden and Hughes 1988; Haas 2001; McPhail 2007; Harvey and Brown 2011; Dr. Brian Sidlauskas, personal communication) . Previous studies in the Canadian Columbia Basin have reported Umatilla Dace from the lower portion of the Columbia River as well as in the Slocan River (McPhail 2007) . As for many dace species, Uma tilla Dace are sexually mature at age two years and spawning occurs in summer (Haas 2001; McPhail 2007) . However, eggs have not been located in the wild and adult spawning characteristics within a natural setting have not been described.
General habitat use by Umatilla Dace has been ex amined. Adults are found in areas with large boulders, at depths greater than 1 m and bottom water velocities of 0.05 m/s (Peden and Orchard 1993; McPhail 2007) . Juveniles are typically found in nearshore, shallow areas (10-70 cm deep) over large gravel or boulder substrates (McPhail 2007) . The Umatilla Dace's spotty distribution, low abundance, and range fragmentation (by hydroelectric dams) make some populations vulnerable (McPhail 2007) .
The objective of this study was to describe spawning morphology and timing of Umatilla Dace in a wild population within an unregulated river system. Information reported here was part of a larger study with multiple objectives conducted for BC Hydro (AMEC Environment & Infrastructure 2014) and may help conservation efforts to prevent extirpation of this species from the Canadian portion of the Columbia River Basin.
Study Area
The Slocan River in the southeast interior of British Columbia drains Slocan Lake and flows approximately 65 km south to join the lower Kootenay River ( Figure   Morphology 
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Sample sites and timing
Sites sampled on the Slocan River were approximately 100 m in length and varied in width depending on seasonal flows. Sampling was conducted over three years (2011) (2012) (2013) , with timing focused on the projected spawning and larval rearing period for Umatilla Dace (biweekly: July through September; McPhail 2007). 
Capture methods
Sites were sampled repeatedly using a combination of backpack electrofishing and minnow trapping techniques (Murphy and Willis 1996) . A total of 15.3 h of single-pass electrofishing was carried out in nearshore habitat at depths < 1.5 m and water velocities < 1.5 m/s. We also carried out 11 553 h of minnow trapping using Gee-40 (Tackle Factory, Fillmore, NY, USA) galvanized minnow traps (42 cm long and 19.5 cm diameter) baited with salmon roe wrapped in aluminium foil. Traps were set overnight for 16-24 h at depths of 0.1-5 m and water velocity < 1.0 m/s. The minimum girth of fish captured by minnow trap was limited by mesh size (0.64 cm) and the maximum girth was limited by the trap entrance (2.54 cm). Captured fish were identified, measured (fork length in mm), and inspected for sexual maturity.
Life stage and maturity
Captured Umatilla Dace were assigned a life stage (adult > 45 mm; juvenile 35-45 mm; young-of-theyear < 35 mm) based on life history characteristics (Haas 2001; McPhail 2007; Keeler et al. 2010; AMEC Environment & Infrastructure 2014) . Maturity stage was also assigned to adults (Ricker 1971; McPhail 2007) . Sexually mature adults displayed external characteristics including tubercles on their dorsal surface, colouration, and/or extrusion of gametes. Extruded eggs were qualitatively evaluated (for colour and size), with average egg diameter (to the nearest millimetre) recorded for four individuals.
Habitat use and environmental variables
Habitat measurements were taken at the point of fish capture: water depth (m), average column water velocity (m/s) taken at 60% depth, substrate type, percentage of substrate embedded within other substrates, as well as type and presence of vegetation (i.e., aquatic macrophytes, flooded terrestrial vegetation, woody debris). Substrate categories included silt (< 0.6 mm), sand (0.6-4 mm), gravel (>4-64 mm), cobble (>64-256 mm), or boulder (> 256 mm). Slocan River discharge records were obtained from the Water Survey of Canada gauge near Crescent Valley (station no. 08NJ013) and water temperature was collected at one index site by Hobo Tidbit v2 loggers (accuracy ± 0.2°C; Onset, Bourne, Massachusetts, USA), set to record water temperature every hour.
Spawning time
Spawning time was estimated based on the capture of sexually mature adults and the back-calculation of incubation times from the capture of young-of-the-year Umatilla Dace (Haas 2001; McPhail 2007) . The incubation period for Umatilla Dace is 5-7 days at 18°C and eggs hatch over a two-day period (Haas 2001) . Fry are 7 mm long at hatching, and emerge from the egg stage approximately one week later at 10 mm (McPhail 2007) .
Results
In total, 688 Umatilla Dace were captured during this study, including 39 that were classified as mature. Other captured species are listed in Table 1 .
Spawning observations
A total of 39 mature Umatilla Dace were captured by minnow trapping (n = 38) and backpack electrofishing (n = 1) in the Slocan River during this study (Table 2) . Of these, nine were classified as male and six as female based on the expression of gametes (Table 2) . Two other adults were classified as females based on swollen urogenital pores (see below). The remaining 22 fish were of unknown sex, but had external features suggesting that they may spawn or had spawned that season (Table 2) .
Ripe males that expressed milt had orange colour on their lips and/or operculum as well as on their pectoral, pelvic, and/or anal fins and fin insertions (Figure 2 ). In addition to these traits, two mature males, captured 13 June and 9 July 2013, also had tubercles on scales above the lateral line.
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THE CANADIAN FIELD-NATURALIST Vol. 130 External characteristics of ripe females expressing eggs included red colouration on lips and pelvic and pectoral fin insertions (Figure 2) . One of these females also had tubercles on scales above the lateral line. However, one female, captured on 17 July 2013, did not have tubercles or display any red colouration, but expressed three eggs that were opaque white and 1 mm in diameter. One female displaying red pigment on the upper lip had eggs that were either opaque and 1 mm in diameter or yellow and 1.3-1.5 mm in diameter. A spent female, captured on 12 August 2013, displayed tubercles on scales above the lateral line and red colour on the snout; this fish had a soft, hollow abdomen and expressed only two eggs (non-described), suggesting spawning was complete. Two females, captured on 7 September 2011 and 13 August 2013, had slight red colouration on their lips and did not express eggs, but had flaccid abdomens and swollen urogenital pores and were likely spent. Fertilized eggs were not observed during this study.
Unidentified young-of-the-year dace were observed in the Slocan River in early August, but their small size (< 18 mm fork length) confounded identification to the species level. Confirmed young-of-the-year Uma tilla Dace were observed beginning in September through October during all three study years.
Spawning habitat
Mature Umatilla Dace were captured at depths of 0.2-1.5 m and average column velocities of 0-0.3 m/s over silt substrates associated with aquatic macrophytes and flooded terrestrial vegetation and, to a lesser degree, over silt and cobble substrates without vegetation (Table 3) . Males were not captured at sites with flooded vegetation, whereas females were equally captured at sites with flooded vegetation and with aquatic macrophytes (Table 3) . 
Spawning time
The estimated spawning period for Umatilla Dace ex tends from early July to mid-September when water temperatures are between 10°C and 21°C soon after peak freshet on the Slocan River (Figure 3) . Peak spawning may occur between 16°C and 21°C based on the presence of ripe fish. 
Discussion
To our knowledge, this is the first time that the Uma tilla Dace has been captured in spawning condition and observed with spawning colouration and tubercles in the wild in Canada (D. McPhail, personal communication). Males in spawning condition displayed orange pigmentation on their lips and/or operculum as well as on their pelvic, pectoral, and/or anal fin insertions, and many expressed milt when slight pressure was applied to their abdomen. Females in spawning condition displayed bright red colouration on their lips, snout, pectoral, and/or pelvic fin insertions, and some females with these characteristics also expressed eggs. Spawning tubercles were observed on mature males (22%) and females (25%). Development of dorsal tubercles and red-orange colouration observed on mature Umatilla Dace are not uncommon features for dace species in spawning condition (i.e., Longnose Dace; McPhail 2007), but these characteristics have not been previously reported for Umatilla Dace (McPhail 2007) .
Although we did not directly observe spawning or find fertilized eggs, spawning likely begins soon after peak freshet over the period of annual maximum water temperature based on the presence of ripe individuals. On the Slocan River, ripe Umatilla Dace were captured at water temperatures between 16°C and 21°C from mid-July to late August. This confirms that Umatilla Dace spawn in mid-summer because near-ripe individuals were collected in July, and the closely related Leopard Dace (Rhinichthys falcatus) and Speckled Dace species also spawn at this time (Peden and Hughes 1981, 1984; Peden 1991; McPhail 2007) . Direct spawning observations for Umatilla Dace have been made only under laboratory conditions, but detailed spawning behaviour and external characteristics were not documented (Haas 2001) .
Baited minnow traps were the best method to capture Umatilla Dace during the spring/summer period (AMEC Environment & Infrastructure 2014) , and it is likely that mature Umatilla Dace were artificially attracted to the minnow traps set close to spawning locations. Whether these fish were drawn into the baited traps to feed, seek shelter, or spawn remains unknown at this time.
Information obtained during this study has added to our knowledge of the life history of the Umatilla Dace, a species that is often misidentified and assumed to be similar to the more common Longnose Dace (Harvey and Brown 2011) . This new information on spawning time will aid in recovery plans and management of this species in other, more regulated portions of the Columbia River Basin in British Columbia.
